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Title of the Invention 

Outer surface-inspecting method, master patterns used therefor, and 
outer surface -inspecting apparatus equipped with such a master pattern 
[Technical Field] 
[0001] 

The present invention relates to outer surface -inspecting apparatus 
and method suitable for inspecting the outer surfaces of semiconductor chips 
such as memories or CCD (charge coupled elements) having repeating 
patterns thereon. 
[Background Art] 
[0002] 

According to one conventional inspection method for judging whether a 
semiconductor chip has a defect or not, a pattern matching method is 
available in which a master pattern obtained from a good-quality product is 
compared with an image pattern obtained from the outer surface of the 
semiconductor chip as an object to be inspected (For example, see Patent 
Literature l). 
[0003] 

According to this method, the comparison of both the patterns makes it 
possible that a defect liable to cause insufficiently electric contact, such as 
dust attached to the semiconductor chip or scratch of bump or the like, can 
be detected by image data processing, so that whether the semiconductor is 
good or not can be effectively judged. 

Patent Literature l: JPA 2002-109515 (Pages 3 and 4, Fig. 2) 
[Disclosure of the Invention] 
[Problems to Be Solved by the Invention] 
[0004] 

Among the semiconductor chips to be inspected, a number of identical 
structural portions are formed in an arrayed fashion on a substrate of the 
semiconductor chip. In such a semiconductor chip, a fundamental pattern 
having the identical structure is repeated on the outer surface of such a 
semiconductor chip. 
[0005] 

Therefore, it is considered in the inspection of the outer surface of the 
semiconductor chip having such repeating patterns that a single standard 
pattern portion which is in conformity with a standard pattern being the 
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repeating pattern unit is used as a master pattern and that this standard 
pattern portion is compared with each of the image portion corresponding to 
areas of the semiconductor chip to be inspected. 
[0006] 

However, when the single standard pattern portion is used and the 
standard pattern portion is applied to a corner portion as an edge portion of 
the rectangular inspection area, for example, the standard pattern portion 
needs to be aligned with the image of the inspection area severely based on 
the data so that the standard pattern portion may not run out of the area to 
be inspected. If the standard pattern portion runs over the edge of the view 
area to be inspected in this aligning step, matching is not made between the 
standard pattern portion and the image on the area to be inspected at the 
run-over portion. Consequently, the object to be inspected is judged to be 
unacceptable. 
[0007] 

Under the circumstances, the present invention is aimed at providing a 
outer surface-inspecting method, a master pattern and a outer 
surface-inspecting apparatus and having repeated patterns by comparing a 
predetermined master pattern, the outer surface -inspecting method making 
it unnecessary to make severe positional alignment of the master pattern, 
avoiding erroneous judgment taking acceptable products as unacceptable 
ones and suppressing increase in number of standard pattern portions, and 
said master pattern and the outer surface-inspecting apparatus being used 
for the outer surface-inspecting method. 
[Measures for solving the Problems] 
[0008] 

In order to accomplish the above objects, the outer surface -inspecting 
method according to the present invention for inspecting the outer surface 
of the inspection area having repeated patterns through comparing a 
predetermined master pattern is characterized in that said inspection area 
is divided into a plurality of matrix-like view areas, mutually different 
standard pattern portions are used as a master pattern for respective 
different edge shapes of said inspection area contained in said divided view 
areas, said standard pattern portions involving said respective edge 
portions, and the outer surface of the inspection area are inspected by 
comparing the standard pattern portions to the view areas corresponding to 
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the standard pattern portions. 
[0009] 

The master pattern according to the present invention is a master patter 
to be used for comparison with an outer surface of an inspection area having 
repeated patterns for the purpose of inspecting said inspection area, 
characterized in that said master pattern comprises a plurality of mutually 
different standard pattern portions for respectively different edge shapes of 
said inspection area contained in a plurality of matrix-like view areas, said 
view areas being obtained by dividing said inspection area, wherein the 
outer surface of the inspection area is to be inspected by comparing the 
standard pattern portions to the outer surfaces of the view areas 
corresponding to the respective standard pattern portions. 
[0010] 

The outer surface -inspecting apparatus used to inspect an outer surface 
of an inspection area having repeated patterns according to the present 
invention is characterized in that said outer surface -inspecting apparatus 
comprises a master pattern, said master pattern comprising a plurality of 
mutually different standard pattern portions for respectively different edge 
shapes of said inspection area contained in a plurality of matrix-like view 
areas, said view areas being obtained by dividing said inspection area, 
wherein the outer surface of the inspection area is to be inspected by 
comparing the standard pattern portions to the outer surfaces of the view 
areas corresponding to the respective standard pattern portions. 
[0011] 

According to the outer surface -inspecting method and the outer 
surface -inspecting apparatus of the present invention, the standard pattern 
portion having the same edge shape is used as a master pattern for each side 
portion showing the same edge shape at the peripheral edge portion of the 
inspection area. Since the standard pattern portions are used 
corresponding to the respective edge shapes of the inspection areas, different 
standard patterns need not be prepared for the divided inspection view areas, 
respectively. Thus, the outer surface can effectively inspected, by the 
standard pattern portions in a number smaller than that of the view areas, 
without needing such severe alignment as to prevent the erroneous 
judgment, therefore without causing the erroneous judgment. 
[0012] 
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When the inspection area is rectangular, it is divided into the view 
areas by dividing the rectangular inspection area in horizontal and vertical 
directions. In this case, said standard pattern portions can be constituted 
by at least two kind of corner pattern portions each to be applied to corner 
portions of the inspection area and involving such edges of the inspection 
area as defining a corner portion, and at least one kind of side pattern 
portion to be applied between the corner portions of the inspection area and 
containing a part of an edge between the edge portions. 
[0013] 

In general, the corner pattern portions may comprise four kinds of 
corner pattern portions to be applied to four corners of the inspection area, 
respectively, and said side pattern portion may comprise four kinds of side 
pattern portions to be applied along four sides of the inspection area, 
respectively. The standard pattern portions may further comprise one 
kind of a central pattern portion not containing an edge of the inspection 
area. Thereby, said standard pattern portions may comprise totally nine 
kinds of the standard pattern portions in the case of the rectangular 
inspection area. 
[0014] 

When the master pattern is constituted by such totally nine kinds of 
the standard patterns, the outer surface can be effectively performed by 
preparing the nine kinds of the standard pattern portions at the maximum 
irrespective of the size of the inspection area and irrespective of the case 
where the inspection area is enlarged as the magnification rate of the 
inspection area is increased, for example. 
[0015] 

The outer surface-inspecting method and apparatus can be applied to 
semiconductor chips having repeated patterns like memories and CCD, and 
various objects to be inspected having repeated patterns of a few microns to 
tens microns. 

[Brief Description of the Drawings] 
[0016] 

Fig. 1 is a perspective view schematically showing an outer 
surface-inspecting apparatus for carrying out an outer surface-inspecting 
method according to the present invention. 

Fig. 2 gives relations between rectangular inspection areas and 
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standard pattern portions constituting a master pattern in Embodiment 1 of 
the present invention as well as kinds of the standard pattern portions. 

Fig. 3 is a view similar to Fig. 2 with respect to Embodiment 2 of the 
present invention. 

Fig. 4 is a view similar to Fig. 2 with respect to Embodiment 3 of the 
present invention. 

Fig. 5 is a view similar to Fig. 2 with respect to Embodiment 4 of the 
present invention. 
[Best Mode of the Invention] 
[0017] 

Fig. 1 schematically shows an embodiment of an outer 
surface -inspecting apparatus for carrying out the outer surface -inspecting 
method according to the present invention. The outer surface-inspecting 
apparatus shown in Fig. 1 is applied to the inspection of an outer surface of a 
semiconductor chip such as a memory or a CCD. 
[0018] 

As shown in Fig. 1, the outer surface -inspecting apparatus 10 according 
to the present invention comprises a sample stage 11, an imaging device 12, 
a monitor 13 and an operating plate 14. On the sample stage 11, a 
semiconductor wafer as a collective body of semiconductor chips to be 
inspected is arranged. The imaging device 12 has an observation optical 
system and an imaging unit 12a such as a CCD, for example. The 
observation optical system is to obtain images of the outer surfaces of a 
number of the semiconductor chips formed within the semiconductor wafer 
on the sample stage. The monitor 13 is to monitor the image obtained by 
the imaging device. As well known conventionally, the sample stage 11 is 
movable in X*Y directions and its inclination angle 9 is also adjustable by 
manipulating an operation unit provided on the operation plate 14. 
[0019] 

After the semiconductor wafer is placed onto the sample stage 11 from 
a wafer transfer device 15, the operation plate 14 is so manipulated that a 
desired semiconductor chip 16 formed inside the semiconductor wafer on the 
sample stage (See Fig. 2) may be imaged with the imaging device 12. The 
outer surface image of the semiconductor chip 16 obtained by the imaging 
unit 12a of the imaging device 12 is observable in the monitor 13. 
[0020] 
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As conventionally well known, the outer surface-inspecting apparatus 
10 contains well-known image processor and arithmetic processor not shown, 
which are adapted to determine differences in image between an image 
pattern taken with the imaging device 12 and a master pattern through 
comparison of their data. Whether presence or absence of any defect of the 
object to be inspected, any foreign matter or the like is judged by operating 
the image processor and the arithmetic processor. The presence or absence 
of the foreign matter on the semiconductor chip is inspected based on the 
judgment result. 
[0021] 

[Embodiment l] 

Fig. 2 shows correspondence between a master patterns 17 (17a to 17i) 
to be applied to the outer surface -inspecting apparatus 10 for performing the 
outer surface -inspecting method of the present invention and the 
semiconductor chip 16 to be inspected. 
[0022] 

The semiconductor chip 16 has a rectangular planar shape which is 
taken as an area to be inspected (inspection area). The semiconductor chip 
16 has identical patterns over the entire chip areas 16a to 16i to be inspected. 
The semiconductor chip 16 may be a memory or a CCD. 
[0023] 

The inspection areas 16a to 16i of the semiconductor chip 16 are 
divided into a plurality of laterally and vertical view areas to be inspected 
(inspection view area) in a checkered pattern. 
[0024] 

The master pattern 17 to be used for the inspection of the 
semiconductor chip 16 consists of totally nine kinds of standard pattern 
portions 17a to 17i : four kinds of corner pattern portions 17a to 17d to be 
applied to the four corner portions 16a to 16d of the semiconductor chip 16, 
respectively, four kinds of side pattern portions 17e to 17h to be applied to 
peripheral portions 16e to 16h involving four sides of the semiconductor chip 
16, respectively, and one kind of a central pattern portion 17i to be applied to 
a central portion 16i surrounded by the corner portions 16a to 16d and the 
peripheral portions 16e to 16h. Each of the standard pattern portions 17a 
to 17i has a size almost corresponding to each of the inspection view areas, 
which are formed by the divided inspection areas 16a to 16i. 
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[0025] 

As seen in Fig. 2, the first corner pattern portion 17a is applied to the 
first corner portion 16a as the inspection view area, which is located at a left 
upper portion of the semiconductor chip 16, and the second corner pattern 
17b, the third corner portion 16c and the fourth corner pattern portion 17d 
are applied clockwise successively to the inspection view areas of the second 
corner portion 16b, the third corner portion 16c and the fourth corner portion 
16d, respectively. 
[0026] 

It may be considered that a single corner pattern portion is used 
instead of the four corner pattern portions. However, such causes erroneous 
judgment due to warp aberration or the like in the observing optical system 
of the imaging device 12. In order to assuredly prevent such erroneous 
judgment based on the warp aberration or the like, the first to fourth corner 
pattern portions 17a to 17d are used for the four corner portions 16a to 16d, 
respectively so that the corner pattern portions 17a to 17d may be used for 
matching with the images of the corner portions 16a to 16d, respectively. 
Each of the corner pattern portions 17a to 17d comprises two perpendicular 
edges defining the respectively one of the corner portions 16a to 16d of the 
semiconductor chip 16 and a Lrshaped outer area surrounding the edge 
portion of the semiconductor chip 16. 
[0027] 

As shown in Fig. 2, the side pattern portions 17e to 17h are applied to 
edges of the semiconductor chip 16" the first side pattern portion 17e to be 
applied to a peripheral portion 16e along the upper side, i.e., a lateral edge of 
the semiconductor chip 16, the second side pattern 17f to be applied to the 
peripheral portion 16f along the right vertical side, i.e., a vertical edge of the 
semiconductor chip 16, the third side pattern 17g to be applied to the 
peripheral portion 16g along the lower side, i.e., a lateral edge of the 
semiconductor chip 16, and the fourth side pattern 17h to be applied to the 
vertically left portion 16h along the vertically left vertical side, i.e., a vertical 
edge of the semiconductor chip 16. 
[0028] 

The side pattern portions 17e to 17h comprise straight edge portions 
17Xi to 17X4 and outer edge portions 17Yi to 17Y4 of the straight edge 
portions, respectively. The straight edge portions 17Xi to 17X4 define the 
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vertical and lateral edges of the semiconductor chip 16, respectively. 
[0029] 

The first side pattern portion 17e is moved, relative to each of the 
inspection view areas, along with the peripheral portion 16e between the 
first corner pattern portion 17a and the second corner pattern portion 17b, so 
that the first side pattern portion 17e is used for matching with each of the 
inspection view areas around the peripheral portion 16e. Similarly, the 
second side pattern portion 17f is moved, relative to each of the inspection 
view areas, along with the peripheral portion 16f between the second corner 
pattern portion 17b and the third corner pattern portion 17c, so that the 
second side pattern portion 17f is used for matching with each of the 
inspection view areas of the peripheral portion 16f. The third side pattern 
portion 17g is moved, relative to each of the inspection view areas, along 
with the peripheral portion 16g between the third corner pattern portion 17c 
and the fourth corner pattern portion 17d, so that the third side pattern 
portion 17g is used for matching with each of the inspection view areas 
around the peripheral portion 16g. The fourth side pattern portion 17h is 
moved, relative to each of the inspection view areas, along with the 
peripheral portion 16h between the fourth corner pattern portion 17d and 
the first corner pattern portion 17a, so that the fourth side pattern portion 
17h is used for matching with each of the inspection view areas of the 
peripheral portion 16h. 
[0030] 

The single central pattern portion 17i, which does not contain the edge 
portions of the semiconductor chip 16, is applied to every inspection view 
area in the central portion 16i of the semiconductor chip 16 surrounded by 
the peripheral portions 16e to 16h. 
[0031] 

According to the outer surface -inspecting method of the present 
invention, the inspection area of the semiconductor chip 16 is divided into a 
plurality of lateral and vertical inspection view areas, and the standard 
pattern portions are classified according to the edge shapes of the 
semiconductor chip 16 contained in each inspection view area. 
[0032] 

That is, in the embodiment 1 illustrated along with Fig. 2, the master 
pattern 17 is classified into the four corner pattern portions 17a to 17d 
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having the Lrshaped edge shape, the four side pattern portions 17e to 17h 
having the straight edge shape and the single master pattern 17h having no 
edge shape according to the different edge shapes of the semiconductor chip 
16. The entire inspection view areas of the semiconductor chip 16 can be 
matched with these nine kinds of the standard pattern portions 17a to 17i, 
respectively by applying the standard pattern portions to the respective 
inspection view areas. 
[0033] 

Each of these standard pattern portions 17a to 17h are to be applied to 
the four corner portions 16a to 16d and the four peripheral portions 16e to 
16h, respectively, excluding the central portion 16i of the semiconductor chip 
16, and contain the edge -shaped portions of the semiconductor chip 16, 
respectively, so that the standard pattern portions 17a to 17h contain the 
exterior area information depending upon the edge shape. Therefore, when 
the standard pattern portions 17a to 17h are to be matched with the 
corresponding inspection view areas, respectively, except for the central 
pattern portion 17i, a larger allowable error can be ensured as compared 
with the allowable error recognized in alignment with use of the standard 
pattern portion such as the central portion 17i containing no exterior area 
information. 
[0034] 

That is, assume that the standard pattern portion not containing 
information on the edge shape or its exterior out area of the semiconductor 
chip 16 is to be positionally aligned with the corner portion 16a of the 
semiconductor chip 16, for example. Since this standard patter portion 
contains no exterior area information, the image data of the inspection area 
information largely differs from that of the standard pattern portion if the 
standard pattern portion is even slightly deviated outwardly from the 
semiconductor chip 16. Because, the image information in the exterior area 
caused by this deviation is taken in. To the contrary, according to the 
present invention of this application, since the information on the edge 
shapes and the exterior areas are correspondingly contained in the standard 
pattern portions 17a to 17h on the peripheral portion excluding the central 
pattern portion 17i, no severe positional alignment needs not be done unlike 
in the prior art. Therefore, the peripheral standard pattern portions 17a to 
17h can be positionally aligned at a relatively large allowable error, that is, 
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with the same allowable error as in the case of the central pattern portion 
17i, so that erroneous judgment due to the error in this alignment is avoided. 
As a result, the occurrence of the erroneous judgment due to the error in 
arrangement of the standard pattern portion 17a to 17h constituting the 
master pattern 17 is avoided, and the effective surface inspection can be 
performed. 
[0035] 

[Embodiment 2] 

Fig. 3 shows an example in which each of inspection areas is of a 
rectangular shape. Rectangular frame portions 116e to 116h are formed 
surrounding the rectangular central portion 116i of the semiconductor chip 
116 to be inspected. The frame areas 116e to 116h have repeated patterns. 
[0036] 

In this embodiment 2, a master pattern 117 is constituted by totally 
sixteen kinds of standard pattern portions- corner pattern portions 117a to 
117d and side pattern portions 117e to 117h containing outer edges of frame 
areas 116e and 116h, respectively, corner pattern portions 117a 5 to 117d' 
containing inner edge portions of the frame areas 116e to 116h, respectively, 
and side pattern portions 11 7e' to 117h'. 
[0037] 

The first to fourth side pattern portions are applied to the outer edges of 
the frame inspection areas 116a to 116h, respectively. That is, the first side 
pattern portion 117e is applied between the first corner pattern portion 117a 
and the second corner pattern portion 117b. The side pattern portion 117f is 
applied between the second corner pattern portion 117b and the third corner 
pattern portion 117c. The third side pattern portion 117g is applied 
between the third corner pattern portion 117c and the fourth pattern portion 
117d. The fourth side pattern portion is applied between the fourth corner 
pattern portion 117d and the first pattern portion 117a. 
[0038] 

The first to fourth corner pattern portions 117e' to 117h' are applied to 
the inner edges of the frame areas 116e to 116h, respectively. That is, the 
first side pattern portion 117e' is applied between the first corner pattern 
portion 117a' and the second corner pattern portion 117b', and the second 
side pattern portion 117f is applied between the second corner pattern 
portion 117b' and third corner pattern portion 117c. The third side pattern 
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portion 117g is applied between the third corner pattern portion 117c' and 
the fourth corner patter portion 17h\ whereas the fourth corner pattern 
117h' is applied between the fourth corner pattern portion 117d' and the first 
corner unit 117a'. 
[0039] 

When sixteen kinds of the standard pattern potions 117a to 177h and 
117a' to 117h' are used in such a frame-like inspection area, the erroneous 
judgment due to the erroneous arrangement of the standard pattern portions 
117a to 117h and 117a' to 117h' constituting the master pattern 117 can be 
prevented to effectively inspect the outer surface. 
[0040] 

If the central portion 116i has repeated patterns, the master pattern 17 
shown in the first Embodiment 1 may be applied to the inspection of the 
outer surface of the pattern area 116i having the repeated patterns. 
[0041] 

[Embodiment 3] 

Fig. 4 shows the inspection of repeated patterns of a semiconductor 
chip 216 having a narrower width as compared with Embodiment 1 and 2. 
A master pattern 217 is constituted by totally six kinds of standard pattern 
portions 217a to 217d, 217e and 217g- first to fourth corner pattern portions 
217a to 217d, and the first and second side pattern portions 217e and 217g 
applied between first and second corner pattern portions 217a and 217b and 
between the third and fourth corner pattern portions 217c and 217d, 
respectively. The first to fourth corner pattern portions 217a to 217d are 
applied to the first to fourth corner portions 216a to 216d as the inspection 
view areas of the semiconductor chip 216, respectively. The first and 
second side pattern portions 217e and 217g are applied to the first and 
second intermediate portions 216e and 216g as the inspection view areas of 
the semiconductor chip 216, respectively. 
[0042] 

[Embodiment 4] 

Fig. 5 shows the inspection of the outer surface of repeated patterns of 
a semiconductor chips 316 having a further narrower width. A master 
pattern 317 can be constituted by totally three kinds of standard pattern 
portions" a first corner pattern portion 317a applied to an inspection view 
area 316a located at one end of the semiconductor chip 316 and containing a 
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pair of corner portions, a second corner pattern portion 317b applied to an 
inspection view area 316b located at the other end of the semiconductor 
chip 316 and containing a pair of corner portions, and a single side pattern 
portion 317e including a pair of upper and lower edge portions of the 
semiconductor chip 316. 
[0043] 

According to the present invention, since the standard pattern 
portions are used corresponding to the respective edge shapes of the 
inspection areas, different standard patterns need not be prepared for the 
divided inspection view areas, respectively. Thus, the outer surface can 
effectively inspected, by the standard pattern portions in a number smaller 
than that of the view areas, without needing such severe alignment as to 
prevent the erroneous judgment, therefore without causing the erroneous 
judgment. 

[Industrially Applicability] 
[0044] 

The present invention can be used to inspect the outer surface of the 
semiconductor chip such as the memory or the CCD (charge -coupled device) 
having the repeated patterns thereon. Thus, the invention can be 
industrially used in the relevant technical field. 
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